Water based paints contain organic solvents and many additives, such as biocides, surfactants, pigments, binders, mines, and monomers. The chemical complexity may introduce new potential health hazards to house painters, in particular irritative and allergic disorders. This study was performed to compare how house painters experience work with water based paints or solvent based paints, and to evaluate whether exposure to water based paints increases mucous membrane and dermal symptoms among house painters. 255 male house painters aged 20 to 65 were invited to participate in the study. Controls were two industrial populations, in total 302 men, without exposure to water based paints. Self administered questionnaires were used to assess the painter's experiences of working with different types of paints and the occurrence of symptoms in the exposed and unexposed groups. Hygiene measurements were performed during normal working days when only water based paints and no solvent based paints were used. The painters were exposed to low concentrations of dust, metals, ammonia, formaldehyde, and volatile organic compounds. The work environment was considered better when working with water based paints than with solvent based paints. There were more complaints of frequent urination when working with water based paint. Taste or olfactory disturbances were less common. General as well as work related eye and skin irritation was more common among the exposed workers. For other symptoms no significant differences were found. The study indicates that the introduction of water based paints has improved the work environment for house painters. Water based paints cause less discomfort and airway irritation than the earlier solvent based paints. Adverse general health effects seem low. Some of the painters may have dermnal symptoms caused by the components in water based paints.
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The chemistry of paints has changed over time, and so have the potential health hazards for house painters. At the beginning of the 20th century, arsenic was often used as a pigment in paints and wall paper, and caused systemic poisoning.' Before the second world war, turpentine was used as a solvent in building paints, and both kidney dysfunction2
and contact allergy' related to exposure to turpentine was reported. Later, turpentine was replaced by organic solvents such as white spirit, butanol, methyl ethyl ketone (MEK), and ethyl acetate or butyl acetate.'
These compounds are more volatile than turpentine, and consequently resulted in a high exposure to organic solvents both in the paint industry and among house painters. Initially, this exposure to solvents was considered to have no major adverse effects. During the past few decades, however, several epidemiological studies have shown that occupational exposure to organic solvents may cause acute and chronic dysfunction of the peripheral and central nervous system.4 Therefore, the paint industry started to develop new types of paints, with considerably smaller amounts of organic solvents. These new so called water based paints contain an emulsion of pigments and polymers in water with small amounts of various chemicals such as volatile organic compounds (organic solvents) and biocides.
In Sweden the use of solvent based paint for professional indoor painters who worked with water based paints, the authors reported a possible effect on the kidneys, measured as an increased excretion of albumin in the urine.8 To elucidate further the health consequences of exposure to water based paints we have started field studies among active house painters. The interest is focused on the exposure situation, symptoms, lung and kidney function, and skin allergy. This is the first part of the health related studies.
Our study had two aims. The first was to evaluate how the painters experienced work with solvent based and water based paints, regarding the general work environment, malodour, and some work related symptoms. The second was to evaluate whether house painters exposed to water based paints had more mucous membrane and dermal symptoms than workers without such exposure.
Material and methods

SUBJECTS
The study took place in the counties of Gavleborg and Dalecarlia in mid-Sweden. During March 1989, all major (>20 employees) painting companies in the region were identified with the help of the Regional Construction Industry's Organisation for Working Environment, Safety, and Health. In total, five privately owned companies, and one trade union owned company with more than 20 employees were identified. To increase the homogeneity of the exposed population and the comparability with the controls, the study was Monitoring of the workplace was performed on 12 painters from different companies during normal workdays when only water based paints and no solvent based paints were used. We measured dust, metals, ammonia, formaldehyde, and volatile organic compounds. The painters did normal work tasks, such as painting, removal of old wall paper, manual sanding of walls with abrasive paper, manual filling, and sizing of wet room wall papers. No spray filling work was done during the measurements. Six full days were measured during work in new buildings under construction and six full days during work in old buildings. Also, peak exposure to ammonia, formaldehyde, and volatile organic compounds were measured by short term sampling. All measurements of exposure were carried out by personal sampling in the breathing zone of the painter.
The total dust concentration was measured by gravimetric analysis of dust collected on 28 mm cellulose acetate filters with a pore size of 0-8 um."1 The organic dust concentration was measured as the weight difference before and after low temperature ashing of the total dust samples collected on the filters. The concentrations of metals in the dust were measured by a quantitative x ray fluorescence technique.
The long term exposure to ammonia was determined by diffusion sampling with a direct reading tube (Drager diffusion tube ammonia 20/a-D). The peak exposure to ammonia was measured by direct reading detector tubes (Drdger 2/a). Both types of tubes are based on a colour reaction between ammonia and bromophenol blue. Besides ammonia other basic volatile compounds, such as amines, would also be detected, but with different sensitivity.
Long term exposure to formaldehyde was measured by diffusion sampling, with chemosorption on 2,4-dinitrophenyl hydrazine (2,4-DNF) coated glass fibre filters. 12 Peak exposure to formaldehyde was measured with glass fibre filters impregnated with 2,4-DNF, with the air rate at 1 I/min for 15 minutes.'3 The filters were analysed by liquid chromatography.
Volatile organic compounds were sampled on charcoal sorbent tubes (SKC 226-01), with an air sampling rate of 50-250 ml/min. The charcoal tubes were desorbed with 1 ml of carbon disulphide before analysis, which was performed within two weeks of the sampling day on a gas chromatograph (Hewlet Packard 5880) equipped with a flame ionisation detector and-packed columns. Sixteen common solvents were identified and quantified with the external standard technique, by comparing the retention times on two different columns. When quantifying low boiling uncalibrated hydrocarbons (C3-C 12) the response factor of n-decane was used; high boiling unknown hydrocarbons (>C12) used the response factor of a mixture of high boiling hydrocarbons (dodecylbenzenes). The total concentration of the identified and unidentified hydrocarbons in air was calculated and expressed as mg/m.3
To identify unknown compounds, and to be able to detect a wider range of compounds, gas chromatography and mass spectrometric analyses were also performed on air samples drawn through sorbents other than charcoal (Teenax, XAD-2 and XAD-7).
Teenax was desorbed thermally and the other types of sorbents were desorbed by 2 ml of methylene chloride mixed with 5% of methanol.
ASSESSMENT OF THE EXPERIENCE OF DIFFERENT TYPES OF PAINTS
To evaluate how the painters experienced work with solvent based paints and water based paints they were asked to answer a set of questions on the general work environment, degree of malodour, and some work related symptoms. (table 2) showed that the painters were exposed to low concentrations of a complex mixture of various types (table 4) . They noticed less taste or olfactory disturbances when working with water based paints. They needed to urinate more often when they used water based paints whereas the complaints of gastrointestinal disorders were of the same magnitude regardless of type of exposure. The differences were all statistically significant. Nine out of the 12 different symptoms were more common during the previous two years among the painters than the controls (table 5) . Eye irritation (OR = 1.7) and itching on the hands (OR = 1 9) had the highest prevalence. Nasal catarrh, dryness in the throat, and sore throat were less common among the painters than the controls.
The work related symptoms eye irritation (OR = 2-3), cough with sputum (OR = 1X5), and itchy hands (OR = 1-3), were all more common (more than once a week) among painters than controls (table 6) . For work related itching of the hands the OR was Table 7 Odds ratios correlated with average number of hours working with solvent based paints among 52 painters with and 182 painters without eye irritation increased to 3-6 (95% CI 2 0-6 2) if defined as more than once a month.
To investigate the finding of work related eye and skin symptoms further, a doseresponse analysis was performed. The average number of work hours with water based and solvent based paint was used as the exposure variable. These analyses showed that eye irritation was related to the number of hours the painter worked with solvent based paints (table 7) . No dose-response relation within the exposed group of painters could be found for water based paints and eye irritation, or work related skin irritation.
The painters reported a higher degree of work satisfaction and more work stress than the controls. These differences were significant (Student's t test).
During the two year period (1987-88) preceding the study, 75 Selection bias can occur both from incorrect study design and a low response rate. In this study both the exposed painters and one of the control groups (dairy workers) participated to a high degree and the loss of individuals was small, 7% and 6%. In the other control group (storage workers) the nonparticipation rate was higher (29%), and thus a selection bias could occur. As the prevalence of symptoms was similar in the two non-exposed groups, it is not likely that such selection bias had any major influence on the results of this study. To minimise regional differences between exposed and control groups we chose two different control groups within the two county region. This also allowed us to get an acceptable number of controls to include in the study.
Response bias due to awareness of exposure may influence the result and may cause a systematic bias in the reporting of symptoms in the exposed group. In our study the prevalence of most symptoms did not differ significantly between exposed and unexposed workers. The only significant differences were in eye irritation and skin itching. Work satisfaction as well as work stress could influence how a worker responds to questions about work related symptoms. Work stress might increase the possibility of over reporting, whereas work satisfaction could lead to an under reporting of symptoms. The painters reported a higher degree of work satisfaction and a higher degree of work stress than the controls and this might balance the possibility of over or under-reporting of symptoms.
Thus we do not think that the result of our study is biased by selection or response. The cross sectional design of the study could, however, underestimate the true effect of the exposure, particularly for eczema and asthma.
The painters' attitude toward water based paints was generally positive, and most painters considered water based paints to cause less airway irritation and less malodour than the earlier solvent based paints. The reports of the painters correspond to the hygiene measurements during work with water based paints. The eight hour exposure to total volatile organic solvents was very low (0 7-4-9 Mg/M3).
Besides exposure to volatile organic solvents the painters were exposed to ammonia, formaldehyde, metals, organic, and inorganic dust. The time weighted average exposures to ammonia, formaldehyde, and measured metals were less than 10% of the Swedish permissible exposure limits (PELs). The total dust, however, was higher and sometimes exceeded the Swedish PEL of 10 mg/M3. Hansen et al made a toxicological evaluation of common Danish water based paints.5 They recommended that substances like formaldehyde and turpentine should be avoided because of risks of irritation or skin allergy. In our study we found that during paint work in bathrooms where the general ventilation was poor and special wet room paint was used some painters complained about malodour.
Such situations were associated with the highest concentrations of formaldehyde and ammonia.
Our finding of a perceived increased frequency of urination while working with water based paints is in accordance with the report of Ulfvarson et al. 7 They found an increase in urine excretion and a decrease in urine density among workers who were experimentally exposed to different water based paints. The authors suggested that exposure to benzisothiazolinone was the cause of these effects.
The exposed painters had significantly more work related eye irritation. The eye irritation was most common in a subgroup of painters partly working with solvent based paints and clearly related to the number of hours the painters worked with these paints. We have not found any other human study that reports on the effect of water based paints on the skin or eyes. In one experimental animal study, however, the sensory irritation of the trigeminal nerve was studied for different types of Danish building materials. '6 In that study a significant irritative effect was found for an acid cured paint, but not for the tested latex type of water based paints. Eye irritation because of exposure to organic solvents has been reported and verified by measurements of tear film stability. '7 In an exposure chamber study even a moderate exposure to n-decane (58 mg/M3 over six hours) resulted in a decreased tear film stability. An important solvent in solvent based paint is white spirit, which contains n-decane as a major component. Therefore, it seems more likely to interpret the findings of eye irritation as due to exposure to organic solvents than to water based paints.
The painters also reported more problems with itching hands than did the controls. Skin irritation could be caused by the irritative effects of the sanding dust or when puttying and gluing glass fibre fabric.The water based paints, however, also comprise many additives with known irritative and allergic properties. To evaluate this about 200 painters have undergone a skin test with 46 different substances including components in water based paints.The preliminary results indicate a high prevalence of allergic reactions to preservatives, especially benzisothiazolinone. '8 In conclusion our study indicates that the introduction of water based paints has improved the work environment for house painters. The actual brands of water based paints cause less malodour and airway irritation than the earlier solvent based paints.The general adverse health effects seem low. A few painters may, however, have dermal symptoms caused by some components in water based paints. From a practical point of view we suggest the use of airway protection devices when painting with wet room paints in confined spaces.
